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Abstract 
Window glazing is a weak element in building construction from the aspect of thermal insulation. To save building 
energy by using advanced glazing system is efficient and important. A novel design of water-filled double reflective 
glazing system is here introduced and the prediction of its annual performance through computer simulation with the 
use of Hong Kong TMY weather data is presented. The monthly indoor heat gains through the window are compared 
with conventional single/double reflective glazing. The results show that the indoor room heat gain can be largely 
reduced by utilizing this novel glazing system. Besides, the absorbed heat by water flow in cavity can be used as a 
pre-heated water source to serve the hot water system. So there is a great energy-saving potential in its application in 
large buildings. 
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1. Introduction 
Buildings consume as high as 30% of total energy consumption in China. Modern architects tend to 
design commercial and residential buildings with large window area for visual as well as aesthetical 
reasons. Thus, it is very important to improve the thermal performance of windows for sustainability and 
combating global climate change. Currently there are more and more types of advanced glazing available, 
such as tinted, multi-pane, film-coated, low-e as well as smart windows [1]. Also, there are creative 
glazing system designs, such as the reversible ventilated-glazing, which is able to enhance the heat 
transmission back to the ambient environment in summer and to warm the indoor space by means of 
natural convective heat transfer in winter[2][3]. 
In regions with hot summer, like Hong Kong, it is very important to realize building energy-saving in 
summer by means of reducing external heat gain through proper design of building facades, especially the 
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windows. Currently, the above mentioned advanced glazing products are being applied to more and more 
modern buildings. However, in principle the incident solar radiation is either simply reflected/transferred 
back to the ambient environment or absorbed/stored in the glazing materials for a delayed heat transfer. 
How to effectively utilize the incident solar radiation as a renewable energy source and accordingly, 
change the role of windows revolutionarily is a topic of current interest. Along this line is the 
development of photovoltaic ventilating glazing technology [4]. 
2. Water-filled glazing system 
A novel design of water-filled glazing system has been brought out by Chow [5], in that space cooling 
energy can be saved and useful heat energy can be collected. 
In this novel system, two parallel glass panes with flowing water in between act like the front and 
back absorption plates of a solar thermal collector. Positioned at the external wall this works as an 
advanced window device able to reduce solar transmission. In this way, not only the excessive solar heat 
is absorbed by the flowing water stream, the indoor solar heat gain is also effectively reduced.  
0From the window, the heat-carrying water flows to the water-to-water heat exchanger and preheats 
the cold feed water stream. When hot water is in need, this pre-heated water stream will be brought up to 
the required temperature by gas/electrical heater. The water-filled glazing system works with either 
natural or mechanical water circulation, hence consumes no energy except pumping power where 
required. Besides, the outer and inner glazing can be both clear glass panes at low cost, and maintaining 
excellent psychological and daylight performance compared with the advanced glazing types mentioned 
above [5].  
The energy flow at this water-filled glazing system is illustrated in 0The incoming solar energy is 
distributed through the following flow paths: indoor heat gain via thermal convection and radiation plus 
solar transmission, solar reflection plus thermal radiation and convection back to outdoor environment, 
and heat absorption by the outer glass pane, the water layer and the inner glass pane respectively. 
 
Figure 1 Solar absorbing window as water preheating device 
 
Figure 2 Energy flow paths at water-filled glazing system 
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Comparing with the other advanced glazing types, the advantages of the water-filled system are 
obvious. Firstly, the material cost is low and thus a shorter payback period can be anticipated. Secondly, 
the convective heat transfer between water and glazing is higher than that between air and glazing, and 
therefore more energy efficient. Thirdly, the water-filled glazing system can realize efficient thermal 
energy collection and daylight utilization without occupying extra building space. 
3. Quasi-steady-state thermal model 
FORTRAN language is used in our simulation program. The modeling approach is based on the 
assumption of quasi-steady-state heat balance within each simulation hour. The calculation method is to 
set up the heat-balance equation set and solve for the system temperature conditions at each simulation 
time step. The heat transfer rates can then be quantified.  
The heat balance equation for this window system can be written as:  
10987654321 QQQQQQQQQQG +++++++++=                                                                            (1) 
where G is the incident solar radiation on a given area of glazing. If the outer and inner surfaces of the 
outside glass pane are labeled as surfaces 1 and 2, and the inner and outer surfaces of the inside glass pane 
as surfaces 3 and 4 respectively, then  
GQ e11 γ= , the reflected solar radiation at surface 1; 
GQ e2 τ= , the solar radiation transmitted through the glazing system to the indoor environment; 
)( ,, a1g1c3 TThQ −= , the convective heat flow from surface 1 to the ambient; 
)( ,, rm4g4c4 TThQ −= , the convective heat flow from surface 4 to the room space; 
)( ,, e1g1r5 TThQ −= , the radiative heat flow from surface 1 to the ambient environment that includes the 
sky and the solid surfaces;  
)( ,, s4g4r6 TThQ −= , the radiative heat flow from surface 4 to the room surfaces;  
t
T
CDQ gogogogo7 ∂
∂= ρ
, the rate of heat storage at the outer glass pane; 
t
T
CDQ gigigigi8 ∂
∂= ρ
, the rate of heat storage at the inner glass pane; 
t
T
CDQ ffff9 ∂
∂= ρ
, the rate of heat gain at the fluid volume;  
)( ,, infoutfff10 TTCmQ −=  , the rate of heat brought away by the flowing fluid, in which outfT , and in,fT are 
the flowing water temperatures at the inlet and outlet. 
In the steady-state computation, there will be no heat storage and hence the values of 7Q , 
8Q and 9Q will be taken as zero. 
4. Comparative study 
An air-conditioned room (3m×3m×3m) has been used for the performance evaluation. The window is 
considered facing southwest, the orientation known to receive the highest annual solar radiation in Hong 
Kong. The height of the window is 1.25m, and the width is 0.8m. This room serves as a public gym, and 
opens 7 days a week from 7am to 9pm. The indoor temperature set point is 25oC from April to October 
and 21oC in the other months during the opening hours. The indoor temperature is assumed the same as 
outdoor temperature during the closing hours. According to our previous findings [5], the indoor heat gain 
is the smallest when the water-filled glazing is composed of clear glass plus reflective glass (as compared 
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to the clear-plus-clear and tint-plus-clear glass combinations). The simulation results in this paper are 
based on this window configuration with best thermal insulation performance. 
A comparative study has been done with the following three window types: 
(i) Single reflective glazing; 
(ii) Double reflective glazing (reflective glazing + sealed air gap + clear glazing); and 
(iii)  Water-filled double reflective glazing (clear glazing + water layer + reflective glazing, with 
steady water flow velocity at 0.0025m/s). 
The glazing properties are shown as in 0The water layer thickness is 0.01m. Note that under types (i) 
and (ii), the reflective surface is at surface 1, thus this maximizes the solar reflection. As for the water-
filled glazing system, the reflective surface is at surface 3 and this maximizes the water heat gain. The 
absorptivity of the water layer is 0.1357, as quantified in [6]. 
In our results, the daily indoor heat gain through the window is accumulated from 7am to 9pm, i.e. 
throughout the air-conditioned period. The heat absorbed by the water-filled window, on the contrary, is 
accumulated 24 hours per day, unless the water layer is actually losing heat in particular hours. In the 
latter case, the water circulation is assumed to be switched off. 
Table 1 Properties of glass panes 
Glazing Type Reflective glass Clearglass 
Thickness (m) 0.006 0.006 
Shading Coefficient 0.397 0.842 
Solar Transmittance 0.335 0.809 
Solar Reflectance (Front) 0.446 0.072 
Solar Reflectance (Back) 0.313 0.072 
Visible Transmittance 0.311 0.888 
Visible Reflectance (Front) 0.460 0.079 
Visible Reflectance (Back) 0.418 0.079 
Emissivity (Front) 0.855 0.840 
Emissivity (Back) 0.840 0.840 
Conductivity (W/m-K) 1.000 1.000 
 
The monthly summary of water heat gain and indoor heat gains is shown in 0 The indoor heat gains 
are obviously higher in summer time. Throughout the year, the indoor heat gain is the biggest by using 
single glazing except in February. From April to September, the indoor heat gain is the smallest by using 
air-gaped double glazing, whereas for the other months, the smallest is the water-filled one. This is 
because the ambient temperature in summer is higher than the indoor temperature (25oC). Since the water 
layer inlet water temperature has been assumed the same as the ambient temperature, there is a chance 
that the water layer is actually losing heat to indoor air. Besides, the reflective surface is at the outside 
glass pane (surface 1) in the air-gaped glazing, which means more effective solar reflection as compared 
to the water-filled glazing design.  
Table 2 Room heat gain through different window types for a southwest-facing window (with surface area of 1m2) 
Window type Single reflective glazing
Double 
glazing with 
air gap 
Double 
glazing with 
water layer 
Heat 
absorbed by 
water layer 
Indoor heat 
gain (kWh/year) 276.67 189.43 164.42 303.46 
Heat gain 
reduced (%) -- 31.53 40.57 -- 
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Figure 3 Monthly variation of room heat gains and water heat gain 
In winter, the ambient temperature (and hence the water inlet temperature) is far below the indoor 
temperature. So the water heat absorption in winter is higher than in summer. In December and January, 
the heat absorbed by water is 4 to 5 times of that in June. 
5. Lengthy window performance 
Though the above energy-saving performance of the novel water-filled glazing system is promising, 
one limitation can be observed: the water temperature rise is rather small. There are at least two methods 
to improve this: (i) to reduce the water flow rate, and (ii) to apply this system to longer windows (with 
increased height), or to link up the windows of different floors by series connection. In real buildings, 
especially gyms and indoor swimming pools (i.e. places with stable hot water demands), the windows are 
often very large. Thus, the second method stands for a good approach to improve the temperature 
performance.  
A new model is then set up to investigate this second method. The dimensions of the room are 
6m×6m×4.2m, with a window facing southwest. The height of the window is 4m and the width is 1m. 
The air-conditioning setting and the indoor/water layer heat gain accumulation methods are the same as in 
the previous case. The window adopts the water-filled glazing system (clear glazing + water layer + 
reflective glazing, with the same water flow rate at 0.0025m/s). The yearly performance is evaluated 
using the same Hong Kong TMY weather data set. The difference of this window model from the 
previous one is that the window is now divided into 4 sections, each with a height of 1m. The water inlet 
temperature for the first section is set the same as the outdoor temperature, whereas for the other sections, 
the water inlet temperature is the same as the outlet temperature of the previous section. 
0shows the water temperature rise at the entire window throughout the year (i.e. 8760 simulation 
hours). It can be seen that the water temperature rise in winter is generally higher, and the maximum 
temperature increase can be as high as 10.35oC. There are 221 hours within the year that the water 
temperature rise is more than 6oC, and 691 hours for the rise more than 4oC. 
Figures 5 to 8 show the water temperature rise at each of the four sections respectively. It can be seen 
that the temperature increase is much smaller in section 4 than in section 1. This is because the 
temperature difference between water layer and glazing surface in section 4 is smaller, which will weaken 
the heat transfer through thermal convection. Since the convective heat transfer coefficient between the 
flowing water and glazing surface is over 200W/m2.K in the present study, the glass-to-water temperature 
difference can largely affect the water heat absorption performance. This finding concludes the 
importance of controlling the inlet water temperature in the practical application of water-filled glazing 
system. The water heat absorption capability will be affected if a higher pre-heat water temperature is to 
be achieved.  
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Figure 4 Water layer temperature increase through the whole glazing 
 
Figure  5 Water layer temperature increase through glazing area section 1 
 
Figure  6 Water layer temperature increase through glazing area section 2 
 
Figure  7 Water layer temperature increase through glazing area section 3 
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Figure  8 Water layer temperature increase through glazing area section 4 
The thermal performance of each window section can be seen from the corresponding water heat gain, 
as shown in 0 The water gain efficiency is the highest at section 1 and the lowest at section 4, which is the 
opposite of the water inlet temperature condition. The heat absorbed at section 4 is only 50 to 60% of that 
at section 1 in every month. As for the indoor heat gain, the order is the other way round. The highest is 
through section 4 and the lowest through section 1, as shown in 0 
 
Figure  9 Monthly water layer heat gain through water-filled glazing 
 
Figure  10 Monthly indoor heat gain through water-filled glazing 
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Table 3 Monthly water layer heat gain through water-filled glazing and solar radiation (kWh/m2) 
Month Section 1 Section 2 Section 3 Section 4 Solar radiation 
1 35.4 29.1 23.9 19.7 69.5 
2 30.3 24.5 19.8 16.1 59.8 
3 23.5 19.0 15.4 12.5 57.5 
4 13.5 10.9 8.7 7.0 56.4 
5 13.8 11.4 9.4 7.8 55.4 
6 8.8 7.1 5.8 4.7 53.4 
7 9.9 8.0 6.4 5.2 65.8 
8 12.7 10.2 8.2 6.6 67.9 
9 16.0 12.6 9.9 7.8 71.9 
10 27.0 21.6 17.4 13.9 92.1 
11 27.8 22.5 18.3 14.9 89.1 
12 40.0 33.0 27.3 22.5 90.6 
Total 258.5 209.9 170.6 138.8 829.4 
Solar 
radiation 829.4 829.4 829.4 829.4 Average efficiency 
System 
efficiency 31.2% 25.3% 20.6% 16.7% 23.4% 
 
It can be seen in 0he solar radiation level in Hong Kong is higher in winter on the vertical window 
facing southwest. The highest is in December and the lowest is in June, and this explains the results of 
highest water heat gain in December. The system efficiencies at each section are 31.2%, 25.3%, 20.6% 
and 16.7%, leading to an overall system efficiency of 23.4%. The difference between section 1 and 
section 4 is as high as 14.4%, as a result of the difference in water inlet temperature.  
6. Conclusion 
A novel water-filled glazing system has been introduced and its annual performance has been 
evaluated through numerical simulation using the Hong Kong TMY weather data. The simulation result 
shows that for a 1.25m×0.8m window facing SW, the water-filled glazing system (composed of reflective 
glazing plus clear glazing with 1cm water layer in between) can help reducing indoor heat gain by 40% 
compared with single reflective glazing, and by 13% compared with double glazing (composed of the 
same types of glass panes with a sealed air gap). The year-round water gain efficiency is as high as 36.6%, 
which means that more than one third of the incident solar energy can be absorbed and stored as useful 
heat energy.  
In order to produce preheated water at higher temperature, an additional simulation run has been 
executed with a longer window (at 4m×1m). The window model is composed of four vertical sections. 
The results show that a longer window is able to improve the water temperature rise. However, the system 
overall efficiency is then reduced. 
This novel glazing system has great potential of applying in large buildings, especially for those with 
huge areas of glazing surface and stable hot water demand like in gyms or indoor swimming pools. The 
compromise between system efficiency and pre-heat water temperature has to be well considered during 
the system design stage.  
Nomenclature 
C specific heat capacity, kJ/(kg.K) 
D thickness; depth, m 
1047Chunying Li and Tin-tai Chow / Procedia Environmental Sciences 11 (2011) 1039 – 1047
Author name / Procedia Environmental Sciences 00 (2011) 000–000 
 
G solar irradiance, W/m2  
h heat transfer coefficient, kJ/(kg.K) 
m  mass flow rate, kg/s 
Q heat flow rate, W/m2 
T  temperature, oC 
t time, s 
γ reflectance, - 
ρ density, kg/m3 
τ transmittance, - 
Subscripts 
a ambient, air 
c convective 
e effective; environment 
f fluid 
g glass 
i inside 
in inlet 
o outside 
out outlet 
r radiative 
rm room 
s room surface 
w water 
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